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ABSTRACT
The diseased Bipolarls orvzae toxin was inactivated 
by refluxlng 6 to 8 hours and by pH 12.0 treatment, but was 
resistant to treatment at pH 2.0. The toxin was crystal­
lized from a concentrated ethanol solution by adding an 
equal volume of water or dilute HC1. An Rf value of 0.9 
was obtained on a thin layer chromatogram developed with 
propanol:acetic acid:water (200:3:100). The toxin inhibited 
growth of rice roots $0% at a concentration of 0 .25 ;*g/ml.
A UV spectrum of active toxin showed two absorption peaks, 
one at 212 mp and the other at 237 mji; whereas, heat- 
inactivated toxin showed only one peak at 237 m)i.
Roots of 12-day-old rice plants showed increased 
permeability following toxin treatment at concentrations of 
2.5 to 20 jug/ml, but permeability of leaf tissue was not 
affected by similar treatment. Respiration of roots of 
^-day-old rice plants was inhibited to of respiration 
of oontrol by treatment with an equivalence of 30 pg/ml 
toxin; whereas, treatment with an equivalence of 60 jig/ml 
toxin enhanced leaf respiration to 140# of control respira­
tion.
Treatment of 12-day-old plants for 16 hours with 
toxin at 10 jog/ml.. reduced transpiration to half that of
ix
control plants. Among several compounds tested, only MgCl2 
suppressed the reduced transpiration effect of the toxin.
i/i
Most of the C-labeled toxin at 5 ^ g/ml was absorbed 
by 12-day-old rice plants during the first k hours of treat­
ment. The Q10 for absorption of active toxin was 1.3. 
Heat-inactivated toxin was absorbed slower than active toxin 
and was not retained by root tissues. Radioautographs showed
that the label concentrated in root tissues, especially
Ikin root tips and no C label appeared in leaves after 11 
hours of treatment.
lit
In microradioautographs of root tips, the C label 
was randomly distributed throughout the cells.
x
INTRODUCTION
In 1959 Lindberg (58) reported a transmissible 
disease of the fungus Bipolarls vlctorlae (Meehan et Murphy) 
Shoemaker. The disease caused marked changes in cell mor­
phology and respiratory rates of the fungus (77). Jinks 
(^8) reported the "vegetative death" phenomenon in Asper­
gillus glaucus Link and demonstrated ( W  that the vegetative 
death character was cytoplasmic, moving far beyond the 
maximum penetration of known chromosomally determined 
characters following heterokaryon formation. Gandy (28) 
reported the watery stipe disease of the edible mushroom, 
Agaricus blsporus (L. Lange) Pilat, and Hollings et al. (*f5) 
demonstrated viruslike particles in electron micrographs of 
diseased mushroom preparations.
In 1971 Lindberg (60) reported isolation of an 
abnormal strain of Bipolaris orvzae (B. de Haan) Shoemaker, 
the causal fungus of common brown leaf spot of rice. The 
causal agent of abnormality in £. orvzae was transmitted to 
type or healthy fi. orvzae by hyphal contact inoculation.
Type a. orvzae in steam sterilized soil grew vigorously 
attacked rice seedlings and produced typical Helmlnthosporium 
seedling blight. Abnormal or diseased a» orvzae. on the 
other hand, grew extremely poorly but produced disease in
2rice seedlings more severe than that produced by the healthy 
fungus. Bioassays of rice seedling roots revealed toxin 
production in culture filtrates of diseased £. orvzae but no 
toxin activity in the culture filtrates of the healthy 
fungus. Rice root elongation was inhibited 80# at dilution 
1:100 of culture filtrates of diseased g,. oryzae whereas 
roots were only slightly inhibited in undiluted culture 
filtrates of healthy fi. orvzae and uninhibited at a dilution 
of 1:5. Toxin production was readily induced in type £. 
oryzae by infecting it with the agent of disease of diseased 
£. orvzae. The toxin was highly active following extraction 
of culture filtrates of diseased £. orvzae with ether.
The investigation presented here was initiated to 
try to purify and crystalize the toxin produced by diseased 
orvzae and to study its chemical and physical properties 
as well as some of its physiological effects on rice.
LITERATURE REVIEW
I. The Phytotoxin Concept of Plant Disease
Toxins were generally regarded as diffusable and 
translocatable substances produced by living organisms, 
active in small amounts, and injurious to certain animals 
or plants (38). This definition eliminated minerals but 
did not exclude enzymes. The definition of the term "anti­
biotic" was similar to the definition of "toxin" in all 
respects except that the injurious effect was to certain 
micro-organisms (38). The term "phytotoxin" as used in 
plant pathology refered to toxins harmful to plants (38). 
Reports of phytotoxin production covered a wide range of 
living organisms, including insects (11, 55, 65); and higher 
plants, such as juglone production by walnut trees. For a 
long time the concept that phytotoxins were involved in 
diseases of plants was applied only to diseases where the 
pathogen was localized and the symptoms were widespread in 
the infected plant.
In 195^, Gaumann stated that "micro-organisms were 
pathogenic only if they were toxigenic: in other words the
agents responsible for diseases could damage their hosts only 
if they formed toxins, microbial poisons, that penetrated 
into the host tissue" (31). Gaumann's definition of a toxin
included all substances produced by the pathogen Including 
enzymes.
In 1953, Dimond and Waggoner (20) defined "vivotoxin" 
"as a substance produced in the infected host by the pathogen 
and/or its host, which functions in the production of disease, 
but was not itself the initial inciting agent of the disease." 
This definition of a vivotoxin was probably developed as a 
consequence of the studies of vascular wilts. Dimond and 
Waggoner developed criteria, which were modified by Dimond 
(19) in 1955, to define vivotoxicity. These criteria stated 
that a vivotoxin must be: 1) isolated from the diseased
plant but not be present in a healthy host; 2) characterized 
chemically; and 3) produce the symptoms of disease or a 
portion of the syndrome when introduced in pure form into a 
healthy host.
Wheeler and Luke (103) proposed the term "pathotoxin" 
for toxins "produced by the pathogen which cause all the 
symptoms of a disease." They listed four criteria which must 
be satisfied to establish pathogenicity: (a) produce in a
susceptible host all the symptoms characteristic of a disease 
at concentrations which could be reasonably expected in or 
around the diseased plant; (b) the pathogen and the toxin 
exhibit similar suscept specificity; (c) the ability of the 
pathogen to produce the toxin varies directly with its abil­
ity to cause disease; and (d) a single toxin is involved.
5Scheffer and Pringle (8$) divided substances pro­
duced by the pathogen and involved in disease into two 
classes: (a) primary determinants essential for patho­
genicity and (b) secondary determinants not required for 
pathogenicity.
II. ChemicalClassification
Chemically phytotoxins were classified into three 
general categories (3 , 12, 6l): (a) amino acid derivatives,
(b) terpenoids, and (c) glycopeptides and polypeptides.
1. Amino acid derivatives:
The amino acid derived phytotoxins were generally of 
low molecular weight. The approximate molecular weights of 
some of these toxins were 278 for lycomarasmine (3 ), 179 for 
fusaric acid (51)* 296 for tentoxin (2 6, 27, 37, 99), 781 
for the £. victorlae (Stout) Shoemaker toxin or victorin 
(72), 700 for the Bioolaris zeicola toxin (70), and less 
than 2000 for the Perlconia clrcinata (Mangin) Sacc. toxin 
(73, 7^, 85, 76). Other amino acid derived phytotoxins were 
the aspergillomarasmines (3, *H, ^2 ), wildfire toxin (88, 
89), rhizobltoxine (67), and the £. clrcinata toxin (72, 73, 
7^, 75, 81). Pew generalities can be drawn concerning this 
group of toxins. The toxins produced by a. victorlae. P. 
clrcinata. and a* zeicola were host specific (71).
62. Terpenoid phytotoxins:
Several of the reported phytotoxins were, or part of 
their structure, derivatives of terpene type compounds (12). 
These compounds were derived from the isoprenoid unit, 
isopentyl pyrophosphate (35). Some of the terpenoid phyto- 
toxins, like the amino-acid derived phytotoxins, were of low 
molecular weight and included fomannosin with the empirical 
formula (4), helminthosporal c15H22°2
fusicoccin C ^ H ^ 0 12 (1, 2, 51) ophiobolin A (12,
66), victoxinlne, one of the components of the gi. victorlae 
toxin, had the empirical formula C-^Hg^NO (71), and 
d i ace toxysc i rpenal °19h26°7 <10>-
3. Polysaccharide and glycopeptide phytotoxins:
Certain phytopathogenic bacteria secreted poly­
saccharides which caused wilting in host plants by physically 
obstructing the water-conducting tissues (61). Character­
istically, these substances were heteropolysaccharides of 
high molecular weight (6l). The unit molecules involved in 
these structures included D-glucose, D-mannose, D-galactose, 
D-glucuronic acid, pyruvic acid, acetic acid.
The polysaccharide phytotoxins of some species of 
Corvnebacterium also Contained another and unusual sugar, 
fucose (36, 90). These wilt-inducing substances were heat 
stable and some caused wilt after autoclaving (44). Some 
species of bacteria that produced polysaccharide phytotoxins
were Erwlnla traoheiphila (E. Sm.) Holl. (44), Xanthomonas 
stewart11 (E. Sm.) Dows. (44), X. phaseoll (E. Sm.) Dows.
(16, 56), &. campestrls (Pamm.) Dows. (97), X. malvacearum 
(E. Sm.) (96), X. veslcatorla (Doidge) Dows. (96), Pseudo­
monas caryophvlll (Burkh.) Starr, et Burkh. (46), Coryne- 
bacterium insidlosum (McCull.) Jens. (78, 90), £. sepedonlcum 
(Spieck. et Kotlp.) Skapt. et Burkh. (90), £. mlchlganense 
(E. Sm.) Jens., and £. fasclans (Tilf.) Dows. (95).
Certain fungi, Pomes fomentarius (L. ex Pr.) Kickx.,
£. Ignlarlus (L. ex Pr.) Kickx., and Polvporus sauamosus 
Huds. ex Pr. (6l)-t also produced mixtures of phytotoxic 
polysaccharides. The mixtures consisted of glucose, fucose, 
mannose, and galactose (6 1). In addition to the high molec­
ular weight polysaccharide substances, several phytotoxins 
had glycopeptide structures (61). One of these was col- 
letotin, a non-dialysable toxin, produced by the wilt patho­
gen Collectotrichum fuscum Laub. (32, 33, 57). The components 
of this toxin included amino acids in addition to the mono­
saccharides. A toxin produced by Pseudomonas phaseolicola 
(Burkh.) Dows, contained glucose, rhamnose, and fructose; was 
ninhydrin positive; and had an estimated molecular weight of 
2100 daltons (69). The toxin produced by Corvnebacterium 
sepedonlcum. earlier reported as a polysaccharide, was found 
to be a glycopeptide after further study (94). This toxin 
appeared to affect plasma membrane permeability rather than 
acting mechanically to cause wilting.
8III. Physiological Effects of Toxins
1. Effect on tissue respiration:
Fusicoccin (13) was a non-species-specific terpenoid 
phytotoxin produced by Fusicoccum amygdall Del. Treatment 
of tomato leaf tissue with fusicoccin at 10 p.g/ml resulted 
in elevated respiration rates.
The host-specific toxins of g. victorlae. g. zeicola. 
and £. clrcinata caused increased respiration in sensitive 
tissue. The respiratory response of sensitive oat tissue to 
the g. victorlae toxin, however, was much quicker than that 
of sensitive tissue treated with either the g. zeicola or 
£• clrcinata toxins, occurring within minutes after exposure 
(83). Respiration induced by the P. clrcinata toxin in 
sorghum tissue appeared more slowly (87) while the increase 
in corn tissue respiration caused by the g. zeicola toxin was 
evident only after exposure of 5 hours (53).
2. Effect on water relations:
The induction of wilt in plants by pathogenic agents 
was classified in one of two categories. In one, as is com­
mon with the vascular wilt pathogens, the water stress was 
brought about by loss of water from leaf cells as a conse­
quence of mechanical oclusion of the vessel elements (2 3). 
This type of wilting occurred with little or no loss of 
solutes from leaf cells, and was reversible in that cells re­
gained turgor when floated on water. Several phytotoxins,
9on the other hand, markedly effected host membrane perme­
ability and therefore the retention of solute within cells 
(68). Wilting due primarily to solute loss from within 
cell membranes, unlike wilting due only to water loss, was 
expected to occur even when transpiration was zero (2 3).
The hypersensitive reaction of tobacco to Pseudomonas 
syrlngae van Hall illustrates this point (23). Discs cut 
from leaves immediately following injection with the bacte­
rium and floated on water in a saturated atmosphere showed 
significant decreases in fresh weight and turgor. In con­
trast, the wilting induced by Verticllllum dahliae Kleb. in 
cotton, which involved water loss and not solute loss from 
leaf cells, did not occur when transpiration was zero.
The transpiration rate of leaves depended on the 
vapor concentration gradient and resistances to water vapor 
diffusion between interior leaf surfaces and the ambient air 
(18, 89). Resistance to water vapor diffusion within meso- 
phyll air spaces was relatively small, and it could be 
assumed that the concentration of water vapor at evaporating 
surfaces within leaves was the saturation vapor concentra­
tion at leaf temperature. MacHardy and Beckman found that 
the decrease in transpiration in American elm inoculated 
with Ceratocvstis ulml (Buism) C. Moreau was associated with 
blockage of infected water-conducting tissue (63).
The transpiration rates of plants infected by 
vascular and root pathogens have commonly been measured as
10
functions of time after infection. Generally, the trans­
piration rates of plants with vascular disease were similar 
to the rates of healthy plants before symptoms were visible, 
then decreased markedly as wilt symptoms developed (5, 19*
22, 23, 24, 97). Beckman et *|1. found that the transpira- 
tlonal behavior of banana plants infected with Pseudomonas 
solanacearum E. Sm. could be reproduced in healthy plants 
by withholding water (5).
Permeability changes were likely to affect the accu­
mulation of solute by guard cells and could have caused 
stomata to open or close abnormally. The nature of the 
effect would have depended on the relative turgor changes of 
guard cells and surrounding epidermal cells (23). Stomatal 
closure resulted from the permeability increase which was a 
part of the hypersensitive reaction of tobacco to P. syringae 
(15). Transpiration was not a primary cause of turgor loss, 
but transpiration could hasten turgor losses which were 
primarily due to solute loss (23).
Normally, stomatal closure in response to low water 
potentials provided a feedback mechanism by which plants 
maintained some balance between rate of water uptake and loss
(23).
3. Photosynthesis:
The process of photosynthesis was influenced by the 
water stress conditions which occurred in diseased plants,
11
Resistances to gas diffusion between leaf cells and the 
bulk air governed the rate of C02 uptake (24). Leaves of 
tomato plants inoculated with Fusarlum oxvsoorum Schlect. 
f. sp. lycoperslcl (Sacc.) Snyd. at Hans, race 1, showed a 
reduced rate of photosynthesis 15 days after inoculation
(24). The reduction in photosynthesis was caused in part 
by an increase in stomatal resistance and in part by a large 
increase in intracellular resistance. Measurements of leaf 
water content and water potential indicated that the in­
creases in stomatal and intracellular resistances preceded 
the onset of water stress in a given leaf. Using drought 
conditions to induce water stress in plants, studies were 
made of the effect of low leaf water potentials on photo­
synthetic activity and leaf growth (6, 7). It was determined 
that leaf growth was more sensitive to water stress than 
photosynthesis in corn, soybean, and sunflower. Since leaf 
growth was affected before photosynthesis, reductions in 
photosynthetic activity could not account for reductions in 
growth (9). In these particular experiments, leaf growth 
was largely a function of cell enlargement and inhibition 
most likely was due to reduced turgor, which reduced the 
rate of cell enlargement (6, 7» 14, 39). Cell enlargement 
required turgor to be above a minimum before irreversible 
enlargement occurred (6, 7, 14, 39).
The reduction in photosynthetic activity per unit of 
leaf has been attributed to stomatal closure. If stomatal
12
closure limited photosynthesis, it should have been possible 
to reverse the effect by CO2 enrichment of the air (9). In 
an experiment with sunflower, however, an increased external 
concentration of CO2 had no effect after the stomata closed 
partially (8). Consequently, some process other than 
stomatal closure limited photosynthesis in these plants.
Boyer reported that photophosphorylation and electron trans­
port were reduced at water potentials below -10 bars (9), 
although these conditions of low water potential had little 
effect on the chloroplast enzymes of the dark phase of photo­
synthesis.
Effects on permeability:
Page defined permeability as the capacity of a 
lipoprotein membrane to allow the passive movement of bus- 
stances or to regulate the passage of substances through it 
(68). Apparently, permeability varied among plant species. 
Stadelmann showed differences in permeability to glycerol, 
urea, methylurea, malonamlde, and erythritol among 39 plant 
species and suggested that it represented variations in com­
position or structure of membranes or both (91). Thatcher 
used a plasmolytic method to compare the influence of various 
fungi on the permeability and osmotic pressure of host cells 
(100). Wheeler and Black (102) estimated permeability 
changes from differences in electrical conductivity of water 
in which oat tissues were bathed. They observed that
13
infected susceptible oat plants inoculated with fi. victorlae 
and susceptible oat tissues treated with the £. vlctoriae 
toxin lost electrolytes more rapidly than did inoculated or 
toxin-treated resistant plants. Their results indicated 
that changes in permeability were responsible for changes in 
the respiratory activity of oats. Some of the physiological 
changes caused by the £. zeicola toxin in susceptible maize 
were similar to those caused by the g,. vlctoriae toxin in 
susceptible oats. When sensitive tissues were exposed, both 
toxins caused increased respiration, electrolyte leakage and 
dark fixation of 003? whereas, amino acid and uridine incor­
poration decreased (86, 87, 105). The zeicola toxin 
acted more slowly than the fi. vlctoriae toxin (53). The a* 
victorlae toxin appeared to act by a simple process which 
was independent of host cell metabolism (8*0 ; whereas, the 
S. zeicola toxin required metabolic activity to exert its 
effect (52). There were several points of evidence which 
suggested that the a* victorlae toxin acted directly on the 
plasma membrane (68). The toxin destroyed plasmolytic 
ability of host cells, stopped active uptake of solutes, 
caused bursting and lysis of membrane-bound free protoplasts 
(80), caused rapid loss of electrolytes (86, 102) and organic 
materials (62), and its effects were counteracted in part by 
certain compounds which bind with membranes or components of 
the protoplasm or both (29, 30, 79). Cells of toxin-treated 
resistant plants showed none of these effects.
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Keck and Hodges (50) measured the effect of the Bi­
polar Is mavdls (Nisikado) Shoemaker race T toxin on perme-
a/L
ability of corn tissue by the efflux of rubidium . Increased 
permeability was non-host-specific. Halloin et al. (43) 
reported that the leakage of electrolytes in c o m  tissues 
treated with the race T toxin was host-specific; whereas, the 
leakage of carbohydrate was non-host-specific.
MATERIALS AND METHODS
I* Toxin Production and Assay
Toxin was obtained from culture filtrates of a 
diseased isolate, designated D-1D, of fi. oryzae the im­
perfect stage of Cochllobolus mlvabeanus (Ito et Kuribay) 
Dreschler grown 5 days on potato dextrose broth (60). The 
fungus was grown in 20 ml of potato dextrose broth either 
in 250 ml flasks or in Petri dishes. Culture filtrates were 
prepared by pouring the broth through two layers of cheese­
cloth (6 0). A toxin extract was prepared by ether extrac­
tion of the culture filtrate as described by Lindberg (6 0), 
evaporated to dryness then dissolved in ethanol. Concentrates 
of the toxin were obtained in ethanol by evaporating the 
ethanol under a stream of air. Serial dilutions in distilled 
water were made from the concentrates for assaying.
Toxin activity was assayed for by determining inhi­
bition of rice root elongation as described by Lindberg (60).
II* Physical and Chemical Properties
1. Effect of pH:
To determine the effect of pH on toxin activity, 
aliquots of culture filtrate were treated with either HC1
15
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or NaOH to bring the pH to the desired value, then the 
treated culture filtrate was extracted with equal volumes 
of ethyl ether. The ether was then evaporated to dryness 
and the container washed with 10-ml portions of distilled 
water for assay,
2. Effect of heating:
To determine the effect of heating on toxin activity, 
1 ml of toxin concentrate was diluted in 99 ml of distilled 
water and refluxed in a distilling flask with an upright 
condenser. At time intervals aliquots were removed for root 
bioassay.
3. Crystallization:
Crystals were obtained in a highly concentrated toxin 
solution in 100# ethanol after adding an equal volume of 
dilute HC1 <10~5 M) or water to the toxin concentrate. The 
toxin concentrate developed a whitish turbidity. After 
standing for 2k hours, large clusters of needle-shaped clear 
crystals formed. The liquid was poured off and the crystals 
were washed twice with 2-ml volumes of distilled water.
After drying, the crystals were redissolved in 100# ethanol 
and assayed,
k. Activity of crystals:
Crystals were dried over calcium chloride, weighed, 
dissolved in absolute ethanol, and assayed. Inhibition of
17
root elongation was used to determine activity per unit 
weight of crystals. A UV-spectrum of this solution was also 
obtained and the absorbance at 237 mp was determined.
III. Production of ^C-toxin
14
C-toxin was produced by growing the diseased 
isolate D-1D of a. orvzae in potato dextrose broth with 
uniformly labeled ^C-glucose. The cultures on *^C-glucose 
were kept in a plexiglass chamber which was completely 
sealed except for two COg traps which allowed for the dif­
fusion of oxygen. The culture filtrate was obtained in a 
manner similar to that followed by Lindberg (60) with pre­
cautions taken to properly dispose of the radioactive mate­
rial. After extraction of the culture filtrate with ether 
and evaporation to dryness, the extract was dissolved in 
absolute ethanol. Chromatography of the ethanol extract on
thin layer plates using propanol:acetic acid:water (200:3:100)
' 14as the developer showed one * C-spot which was biologically
active. Therefore, no attempt was made to crystallize the
^C-toxin. All ^C-toxin treatments were made with the
14ethanol solution of the ^C-toxin.
IV. Radioautography
1. Plant culture:
Saturn rice plants were grown 12 days in vermiculite 
and watered with full strength Hoagland No. 2 solution on
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the first day then half strength thereafter. The growth 
chamber was at 70 C both day and night with a 14-hour light 
period. The roots were washed and the plants held 24 hours 
in distilled water before treatment.
2. Gross radioautography:
The plants used for gross radioautography were 
blotted dry on paper towels and placed between two 20 x 25 
cm sheets of screen wire held together by paper clips; The 
plants were placed immediately in a Virtis Model 10-100 
freeze drier for 3 days, then removed and mounted on sheets 
of white paper prior to exposure to Kodak no-screen X-ray 
film (104).
3. Microradioautography:
Twelve-day-old satura plants were equilibrated 24 
hours in distilled water before treatment for 4, 6, 8, or 
12 hours with 5 ;ig/ml of either ^C-toxin or cold toxin.
The root tips were cut about 5 mm long and embedded as 
described by Strang (93) in a slightly congealed 5% gelatin 
mixture containing 3.5% glycerine jelly (25). The embedding 
medium was placed in a metal embedding mold with dimensions 
of 15 x 15 x 6 mm. The embedding boat was cooled in an ice 
bath to set the gelatin matrix and was then quick frozen by 
Immersion in isopentane containing Q% methylcyclopentane 
which had been cooled to -70 C in a dry ice-acetone mixture 
(17). The frozen gelatin blocks were removed from the
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embedding molds and stored in dry ice until they were 
mounted on specimen holders for sectioning. All section­
ing was completed within 2 days after embedding. The 
tissues were sectioned at 5 in a Tissue-Tek® cryostat 
microtome at -25 C. A wire loop antiroll attachment was 
used to obtain flat, unwrinkled sections and also to aid 
in mounting the sections on microscope slides (92). From 
^ to 8 sections were mounted on each microscope slide. The 
sections were mounted within the freezing chamber of the 
cryostat.
The slides with mounted specimens were surrounded 
with pulverized dry ice to maintain them in a frozen state 
and freeze-dried in a Virtis Model 10-100 freeze-drier for 
a period of approximately 24 hours. After drying, the slides 
were dipped in Kodak NTB 2 nuclear track emulsion melted at 
37 C (4?) in a darkroom illuminated by a Kodak Wratten Series 
2 safelight. After dipping, the slides were dried for ap­
proximately 24 hours in a horizontal position, in a dust-proof 
box with ventilation. The slides were then stored at approx­
imately 4 C with a calcium sulfate dessicant in sealed slide 
boxes which were wrapped in aluminum foil to exclude light. 
After a 4-month exposure period, the slides were developed 
for 4 minutes in Kodak Dektol developer, rinsed in distilled 
water for 10 seconds, fixed in Kodak fixer for 5 minutes and 
washed in distilled water for 10 minutes. All solutions were
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maintained at 15 C. The slides were dried in a dust-free 
atmosphere and examined under the light microscope.
1 h
V. Absorption of C-Actlvltv bv Intact Rice Plants
Twelve-day-old plants were grown in a growth chamber 
under the same conditions as those used for radioautography. 
Ten 12-day-old rice plants were used for each sample. Each 
sample consisted of 12 ml of treatment solution in 25 ml
1 Al
Erlenmeyer flasks. The concentration of C-toxin used is 
given in the results for each experiment presented. Two- 
tenth ml samples from the treatments were withdrawn at 
intervals and added to 10 ml of scintillation fluid in 
Packard No. 6001075 plastic scintillation vials or Packard 
No. 6001015 glass scintillation vials. The scintillation 
fluid consisted of one part Beckman Triton X-100 and two 
parts toluene scintillation solution. The toluene scintil­
lation solution was composed of 8.25 g of Beckman PP0 
primary fluor and 0.25 g of Beckman dimethyl P0P0P per liter 
of scintillation grade toluene. The scintillation vials were 
sealed tightly and wiped clean with acetone and shaken well 
prior to placing in the scintillation counter. A Beckman 
scintillation counter was used in all counting experiments.
VI. Respiration
Rice plants for respiration studies were grown in 
the greenhouse in a 50:50 sterile sand and soil mixture in
clay pots. The variety Bluebell was used for respiration 
studies. The plants were washed free of soil and selected 
for uniformity. In the case of roots, the entire root 
system was placed inside the reaction vessel; whereas, 
leaves were cut into 2-cm sections and weighed prior to 
placement in reaction vessels. Crude culture filtrates of 
healthy or diseased g. orvzae were used in all experiments. 
Water controls were sometimes used. Treatments with culture 
filtrate dilutions varying from 2 x lO”1 to 10“^ were
conducted with intact plants as well as with cut root
systems and cut leaves. When cut leaves were treated with 
culture filtrate they were cut from the clay pots then 
placed under water and cut about 1 cm above the first cut 
and placed immediately in the treatment. All respiration 
vessels contained 3 ml of liquid in the main compartment and
0.2 ml of 20# KOH and filter paper in the center well (101). 
The temperature of the water bath was 26 C in all experi­
ments. A Gilson respirometer was used in all respiration 
studies.
VII. Transpiration
Saturn variety rice plants 12 to 14- days old were 
grown in a growth chamber in vermiculite and watered daily 
with half strength Hoagland No. 2 solution. Temperature in
the growth chamber was constant at 70 F with a l^f-hour light
period. Plant roots were washed carefully before use to
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remove the vermiculite and equilibrated in distilled water 
for 2k hours. Transpiration was measured gravimetrically 
on a Mettler type H 15 balance. Ten plants were used in 
10 ml of treatment solution contained in 25 ml Erlenmeyer 
flasks.
VIII. Permeability Studies
Saturn variety rice plants grown 12 days in a growth 
chamber under the same conditions as plants used in trans­
piration studies were carefully washed free of vermiculite. 
Intact plants were used in permeability studies. Samples 
consisted of six rice plants with roots immersed in 25 ml 
of treatment solution contained in 50-ml Erlenmeyer flasks. 
Test solutions were poured carefully into a 50-ml cylinder 
for measurements then poured back into the flasks. Roots 
remained wet during this procedure. The measurements were 
made with dip-type conductivity cells of either 1.0 or 0.1 
cell constants. Both the cylinder and the conductivyty cell 
were rinsed three times in distilled water between readings. 
A Barnstead Model PM-70CB conductivity bridge was used for 
all conductivyty studies. The bases of cut stems were 
immersed in the treatment solutions to study the effect of 
the toxin on permeability in leaves. At the end of the 
treatment the leaves were cut into 2.5 cm sections, placed 
in cheesecloth bags, and were shaken in 25 ml of distilled
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water. The liquid for each sample was poured off into the 
cylinder for conductivity measurements.
RESULTS
I. Chemical and Physical Properties of the Diseased
1. Solubility:
The solubility of the diseased g.. orvzae (DBO) 
toxin was low in water as compared with its solubility in 
some organic solvents. The activity of diseased B. orvzae 
culture filtrate in a typical rice root assay is shown in 
Pig. 1. The highest dilution of culture filtrate to com­
pletely inhibit root elongation was about 50-fold. Similar 
results were obtained with a dried ether extract of the 
toxin dissolved in water. The concentration of the toxin 
was increased in water, however, when the toxin was first 
dissolved in a half ml of ethanol followed by the addition 
of water. With this procedure, complete inhibition of root 
elongation occurred at approximately 1000-fold dilution.
2. Effect of pH:
The toxin was resistant to pH 2.0 treatment but 
sensitive to basic treatment above pH 10.0. Diseased g. 
orvzae culture filtrate was treated with either 1 N NaOH or 
1 N HC1 to obtain the desired pH before extraction with 
ether. Ether extracts from culture filtrate treated at
Zk
pH 2.0 had about the same level of activity as extracts 
from pH 7.0 culture filtrate. Some loss of activity resulted 
from treatment of the culture filtrate at pH 10.0, and there 
was almost no activity in extracts of pH 12.0 treatments 
(Pig. 2). The lack of activity in extracts from pH 12.0 
culture filtrate was due to inactivation of the toxin, since 
activity was not restored when the pH 12.0 culture filtrate 
was adjusted to pH 7.0 or 2.0 before ether extraction.
3. Effect of heating:
Heating by refluxing caused a slow inactivation of 
the diseased fi. orvzae toxin. Diseased ]3. orvzae culture 
filtrate diluted 10-fold was refluxed in an upright con­
denser. Unrefluxed toxin prevented rice root elongation at 
this dilution. The average root length was 15.3 mm after 
2 hours of refluxing and *1-3.3 mm after *1- hours of refluxing 
as compared to 58.5 mm for the average root length of con­
trols (Pig. 3). Complete inactivation required nearly 8 
hours of heating. To inactivate toxin for use as a control, 
heating was continued for 16 hours.
*1-. Crystallization and activity of crystals:
In order to obtain highly concentrated samples for 
chromatography extracts of the toxin were concentrated in 
ethanol. When an equal volume of water or slightly acidic 
water was added to a concentrated ethanol solution of the 
toxin, the liquid became turbid. The material was allowed
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to stand for 1 to 3 days and long, needleshaped, transparent 
crystals formed. The crystals were washed several times in 
water and dissolved in ethanol, then water was added. The 
solution from crystals was very active. Rice root elonga­
tion was inhibited 50% at 10,000-fold dilution (Pig. k).
Some root inhibition occurred at greater than 50,000-fold 
dilution of the solution of crystals. In comparison, the 
diseased g. oryzae culture filtrate showed no inhibition at 
a 500-fold dilution (Pig. *0.
Crystals of the toxin are illustrated in Pig. 5.
The crystals were immersed in water for photographing under 
a compound microscope with a 4X objective but without the 
occular. Crystals were maintained for at least 6 months in 
a small volume of water without any change in appearance and 
did not dissolve appreciably. Prior to weighing the dried 
crystals for determining the activity of the crystals per 
unit weight, a sample of crystals was rinsed with absolute 
ethanol. The sample of crystals was then dried over a CaCl2 
dessicant for 3 days and weighed on a Mettler Model H 16 
automatic balance. The sample of dried crystals was dis­
solved in absolute ethanol at a concentration of 650 ;ig/ml. 
Inhibition of rice roots to an average of half the root
_
length of controls occurred at about 1250-fold or 8 x 10 
dilution, as shown at "B," Fig. 6. The calculated concen­
tration of crystals at half the root length of controls,
"B," was (8 x 10”^)(650 ;ug/ml) = 0.52 jug/ml. The diseased
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£. oryzae culture filtrate inhibited rice roots to half the 
root length of controls at 575“fold dilution, "A," Pig. 6 . 
Assuming that the culture filtrate contained 0.52 pg/ml at 
this dilution, the undiluted culture filtrate contained 
(0.52)(575) = 299 m / ml.
A UV spectrum was obtained from the solution of 
crystals containing 650 pg/ml. An absorption peak occurred 
at 212 mp and another at 237 mp (Pig. 7). The spectrum was 
obtained from a 32-fold dilution of the 650 pg/ml solution 
(Pig. 7). The absorbance at 237 mp was used as a quick 
method to determine how to dilute samples of diseased B. 
oryzae toxin for the rice root assay in order that samples 
fell in a concentration range between total root inhibition 
and no root inhibition. The 32-fold dilution of the orig­
inal 650 pg/ml sample contained 20.31 pg/ml and the absorb­
ance at the 237 mp peak was 0.9^5. The absorbance constant 
at 237 mp (Kg^) was:
~ concentration/absorbance = 20.31/0.9^5 = 0.0^653. 
When the diseased fi. orvzae toxin was refluxed for 16 hours 
then extracted with ether, the 212 mp peak was lost. The 
UV spectrum of the refluxed toxin is shown in Fig. 8.
A root assay of a thin layer chromatogram is shown 
in Pig. 9. Ether extracts of the diseased g. orvzae toxin 
was spotted on 250-raicron plates of silica gel G containing 
a fluorescent material. Several developers were used but a 
mixture of propanol:acetic acid:water (200:3:100) worked
28
Pig. 1. Effect of ethanol on the solubility of the DBO 
toxin in water.
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Pig. 2. The effect of pH on the activity of diseased g. 
orvzae toxin as shown by a rice root assay.
R
O
O
T
 
L
E
N
G
T
H
 
(M
M
)
31
70
6 0
5 0
4 0
pH 2. 0
3 0 a ETHANOL CONTROL
2 0
10
0 2 3
D I L U T I O N
32
Fig. 3. The effect of heating on the activity of diseased 
fi. orvzae toxin as shown by a rice root assay.
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Pig. Diseased g. oryzae (DBO) toxin activity obtained 
from crystals as shown by a rice root assay.
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Fig. 5. Diseased g. orvzae toxin crystals
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Pig. 6. Activity of a solution containing 325 jug/ml of 
diseased g. oryzae toxin crystals as shown by a 
rice root assay.
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Pig. 7. Ultraviolet absorption spectrum of a solution 
from diseased B. orvzae toxin crystals.
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Pig. 8. Ultraviolet absorption spectrum of an ether
extract of heat inactivated diseased £. orvzae 
toxin.
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Fig. 9. Thin layer chromatogram of diseased fi. orvzae
toxin developed with n-propanol:acetic acid:water 
(200:3:100) as shown by a rice root assay.
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best. Only one spot was visible under a UV lamp at an R^ . 
value of approximately 0.9 which corresponded to the toxin 
activity from the root assay.
II. Physiological Effects of the Diseased B. Oryzae Toxin 
in the Rice Plant
The effects of the diseased B. orvzae toxin were 
studied on three processes in rice plants: permeability of
root tissues, transpiration, and respiration in both root 
and leaf tissues.
1. Permeability:
The permeability of roots of 12-day-old plants was 
measured following treatment with a 2.5 pg/ml concentration 
of diseased a. orvzae toxin (Pig. 10). In this and other 
experiments in which the effect of toxin on permeability was 
studied, the roots were washed free of vermiculite and held 
in distilled water for 2k hours prior to immersing in treat­
ment solutions. Intact plants were used and inactivated 
toxin was used as a control. Both treated and control plants 
showed leakage during the first hour of treatment. But 
toxin-treated plants continued to leak ions; whereas, the 
controls showed no significant amount of leakage after one 
hour. The effects of four higher concentrations of toxin 
in the range 5 pg/ml to 20 pg/ml on the permeability of root 
tissue are shown in Pig. 11. Ethanol at the same concentra­
tion as that used in treatment solutions was used as a
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control. The rate of leakage in treated plants was pro­
portional to the concentration of toxin. In order to get 
an idea of how quick the permeability response was to toxin 
treatment, the treatment solutions were adjusted with 
Hoagland solution to an osmotic concentration approximately 
equal to that inside the cells of the rice roots. When the 
osmotic concentration was adjusted in this way, there was 
little leakage from control plants. The response to the 
presence of the toxin was very rapid, perhaps within less 
than 5 minutes (Pig. 12). Even high toxin concentrations 
failed to produce any leakage in leaf tissues.
2. Transpiration:
Diseased g. oryzae toxin reduced the rate of tran­
spiration; the effect was proportional to the concentration 
of the toxin used (Fig. 13). Fig. 14 shows the transpira­
tion effect of 5, 10, and 15 jag/ml over a shorter period of 
time.
Experiments were carried out to determine whether 
certain ions and organic compounds had any influence on the 
effect of toxin on transpiration in rice plants. A diseased 
g. oryzae toxin concentration of 10 jig/ml was used in these 
experiments. Some of the compounds used were boric acid, 
kinetin, indoleacetic acid, CaClg, and molybdate. None had 
any influence on the effect of the toxin except MgCl2 which 
showed a partial removal of the toxin effect. The results 
of the MgCl2 treatment are shown in Fig. 15.
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Fig. 10. The effect of 2.5 Mg/ml diseased g. oryzae toxin 
treatment on permeability of roots of 12-day-old 
plants measured by electrical conductivity of 
the treatment solutions.
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Pig. 11. The effect of toxin concentration on permeability
of roots of 12-day-old rice plants.
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Fig. 12. Early permeability response of root tissues of
12-day-old rice plants to diseased oryzae toxin 
treatment at several concentrations. The osmotic 
concentration of the treatment solution was ad­
justed to approximately that of the intracellular 
osmotic concentration in roots.
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Pig. 13. The effect of low diseased ]3. orvzae toxin con
centrations on the rate of transpiration in
12-day-old rice plants.
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Pig. 1*K The effect of higher toxin concentrations on
transpiration rate of 12-day-old rice plants.
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Pig. 15. Partial suppression of the reduced transpiration
effect in 12-day-old rice plants of diseased B.
orvzae toxin by 0.01 M concentration of MgClg.
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3. Respiration:
The effect of the toxin on rice root respiration is 
shown in Pig. 16. Diseased g. orvzae culture filtrate was 
used for all respiration studies. Dilutions of culture 
filtrate used for studies On root respiration ranged from 
a toxin equivalence of 3 to 30 /ig/ml. Respiration of root 
tissues was never enhanced, even at the high dilutions.
The same toxin concentrations that strongly inhibited 
root respiration, as well as higher toxin levels, stimulated 
respiration in leaves (Pig. 17). The highest concentration 
of toxin used in leaf respiration studies was a toxin equiv­
alence of 60 pg/ml.
III. Studies with ^C-Toxin
Ity
1. Specific C-activity and chromatography:
Diseased £. oryzae was grown on uniformly labeled 
C-glucose for 5 days and the liquid filtered through two
1 /tlayers of cheesecloth. The A C-culture filtrate was ex­
tracted with one-third volume of ether by shaking gently 
for a half hour. The ether was then evaporated and the dry
ether extract was dissolved in absolute ethanol. An assay 
1
of C-activity in the scintillation counter showed 4-50,000 
counts/minute per ml for this ethanol fraction. Prom the 
absorbance at 237 mp in a UV assay, it was determined that 
the toxin concentration in the ethanol was 74-0 pg/ml. An
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aliquot of the ethanol solution was spotted on a silica 
gel thin layer plate, developed with ii-propanol:acetic acid: 
water (200:3:100) and showed one spot under a UV lamp at R^ , 
0.9. This R^ , 0.9 part of the chromatogram was eluted with 
160 ml of ether, dried down, then dissolved in ethanol. A 
UV spectral assay of the Rf 0.9 eluent showed a concentration 
of 627 pg/ml. The recovery from the Rf 0.9 spot was 
627/740=84.7$. A ^C-assay of the Rf 0.9 spot of the thin 
layer chromatogram showed a value of 445,000 cpm/ml of
14
ethanol solution. The specific C-activity/ug toxin, there­
fore, was 445,100 cpm per ml/627 pg per ml=71 cpm per pg 
toxin. The unchromatographed ethanol showed a value of
14
540,000 cpm/ml in the G assay, and the Rf 0.9 spot on the
thin layer chromatogram assayed at 445,100 cpm/ml, indicating 
14that the C label was predominantly in the R^ , 0.9 fraction:
445,100 cpm/ml in R. 0,9
— If ZJL-------f— H  x 100 = 98.91$
450,000 cpm/ml spotted
In addition to these results, a radioautograph of
14
a thin layer chromatogram of the ethanol solution of C-toxin
is shown in Pig. 18. The label shown at Rf 0.9 was the only
14area on the chromatogram showing C activity. It was also 
determined that the Rf 0.9 fractions or spots on the chromato­
gram used to develop the radioautograph shown in Pig. 18 had
biological activity by the rice root assay method. The 
results of a rice root assay of the spots of the thin
layer chromatogram are shown in Table 1.
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142. C-toxin uptake:
The characteristics of diseased g. oryzae toxin
14uptake over time was studied using C-toxin. Two concen­
trations were used. Most of the toxin at 5 ;ug/ml concentra­
tion was taken up within 4 hours (Pig. 19). Uptake was 
rapid during the first hour of treatment and then gradually- 
decreased. Uptake at the lower concentration of 2.5 Jig/ml 
continued for about 8 hours.
A comparison was made of the characteristics of 
absorption in active versus refluxed toxin (Pig. 20). The 
active toxin was taken up at a much higher rate and to a 
larger extent even in the first hour of absorption. Absorp­
tion of active toxin continued over the 10-hour period 
(Pig. 20). An interesting point concerning the absorption 
of refluxed toxin is that after a 4-hour period some of the 
label which had been taken up began to reappear in solution 
outside the plant. One possible explanation for the charac­
teristic uptake of inactivated toxin is that it was metabo­
lized by root tissues.
14
Figure 21 shows rates of uptake for the C-labeled 
diseased g. oryzae toxin at two temperatures. The average 
uptake in cpm after two hours was 247.5 at 21.1 C and 329.2 
at 32.0 C (Table 2). Prom these data a value of about 
1.3 was obtained.
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3. Gross radioautography:
Intact 12-day-old rice plants with roots, stems, 
and leaves treated with 2.5 pg/ml ^C-toxin were radioauto­
graphed (Pig. 22). Control plants treated with 2.5 pg/ml 
cold toxin showed no image on the X-ray film. The plants 
were allowed to take up toxin for 11 hours, then were 
freeze-dried and placed on film. The toxin moved slowly to 
the stems and leaves, since„there was no image of these parts 
on the film. The distribution showed a preferential accumu­
lation in roots. The toxin concentrated at the root tips
and in the young lateral roots. The image of roots of plants
l i ftreated with refluxed C-toxin were much lighter on the 
radioautographs and did not show concentration of activity 
at the tips compared to plants treated with the active
Ilf ill
C-toxin. Uptake of refluxed C-toxin by leaves when cut 
stems were treated, however, was about the same as that of 
the active ^C-toxin according to comparisons of the radio­
autographs. A radioautograph of stems of rice treated with
lit
C-toxin at 5 MS/rol for 30 hours is shown in Pig. 23. The
Ilf
C-activity was evenly distributed throughout the leaves.
Microradioautography:
The microradioautographs shown in Pig. 2k, 25, 26,
27, and 28 were all photographed with a Leitz Microscope 
Orthoplan with automatic camera attachment. A kOX objective 
was used with a green filter, and the film was high contrast
copy with an ASA of 64. Twelve-day-old rice plants were
exposed to toxin at 5 /Jg/ml in all treatments. The micro-
radioautographs shown in Pig. 25 and 28 were from 12-hour-
treated plants, and those in Pig. 24, 26, and 27 were from
6-hour-treated plants. The microradioautographs shown in
Pig. 24, 25, and 26 were from plants treated with unlabeled
toxin, while those shown in Pig. 27 and 28 were from plants 
l4
treated with C-toxin. Pig. 24, 25, and 27 show areas
very near the root cap in the meristematic area of the root
tips. Pig. 25 shows a cross-sectional view; Pig. 24, 26,
27, and 28 show longitudinal views. Pig. 26 and 28 show the
area a short distance from the apical meristem in the region
l4of cell elongation. The C-treated roots, Pig. 27 and 28, 
show silver grains apparently randomly distributed through­
out the root tissues. There were no apparent differences 
in the silver grains distribution among uptake periods of 4, 
6, 8, and 12 hours.
Pig. 16. The effect of diseased g.. orvzae culture filtrates 
on the respiration of root tissues of ^-day-old 
rice roots.
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Pig. 17. The effect of diseased £. orvzae culture filtrate 
treatment on leaf tissue respiration of 12-day-old 
rice plants.
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Pig. 18. Radioautograph of a thin layer chromatogram of 
^C-toxin.
1 4Table 1. Rice root assay of A C-spots from thin layer chromatogram.
TREATMENT
Dilution 14,C-Snots Controls
Ave. 
Length 
in mm
Ave. 
Length 
in mm
10"1 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 20 19 17 21 17 18.8
i°-; 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 30 16 24 16 16 20.4
3.3 X 10~2 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 28 17 25 20 16 21 .2
3.3 X 10~2 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 25 15 15 23 12 18.0
2 X 10"2 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 10 25 34 17 23 21 .8
2 X 10“2 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
1.4 X 10“2 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 15 7 8 20 17 13.4
1.4 X 10“2 7.0 4.0 5.0 10 .0 8 .0 6 .8 . 15 11 13 14 12 13.0
10~2 14.0 4.0 7.0 10 .0 13.0 9.6 25 18 11 16 15 17.0
10“2 11 .0 12.0 7.0 18.0 15.0 12.6 30 20 17 0 10 15.4
o\
vo
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Pig. 19. Uptake of ^ G -diseased J3. orvzae toxin at two 
concentrations.
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Pig. 20. Characteristics of uptake of inactivated
ill
C-labeled diseased J3. orvzae toxin compared 
with the uptake of active toxin.
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Pig. 21. The effect of temperature on uptake of active 
■‘•^C-labeled diseased £. oryzae toxin.
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Table 2. Uptake of C-toxin at two temperatures.
TREATMENT
21.1 C 32.0 C
Time
(Hours) D1 D2 D3
Ave.
cpm 21.1 C Ei V S3 Ave.cpm 32.0 G
0.0 665.9 637.0 592.4- 686.6 661.9 743.8
0.0 656.9 64-0.3 602.9 632.6 678.4 650.1 734.3 692.5
1.0 529.1 4-93.8 594-. 1 446.7 483.4 456.7
1.0 530.6 4-86.6 582.4- 536.1 106.5 447.2 485.8 451.9 462.0 230.5
2.0 367.7 338.6 4-4-9.2 351.0 386.1 361.9
2.0 377.4 34-2.8 4-34-. 9 385.1 247.5 386.4 384.8 349.5 363.3 329.2
5.0 394.0 395.5 393.4- 310.2 319.0 327.5
5.0 387.5 395.0 389.2 392.7 239.9 305.6 308.9 318.2 324.9 367.6
7.0 370.7 369.4 36^.1 322.7 299.3 316.6
7.0 379.5 379.2 369.8 372.1 254.5 313.9 300.1 316.1 3H.5 381.0
11.0 336.3 338.3 34-3.7 269.9 283.2 281.1
11.0 333.7 336.8 342.2 328.5 304.1 271.5 282.6 289.6 279.7 412.8
13.0 326.0 34-4-. 9 291.8 298.3 283.7 271.6
13.0 329.1 34-4-. 7 295.6 322.0 310.6 303.3 289.4 274.3 286.8 405.7
16.5 302.8 321.3 315.6 288.3 281.9 259.1
16.5 301.1 322.1 317.9 313.5 319.1 297.2 277.7 265.3 278.3 4l4.2
19.5 301.8 336.4- 307.2 279.0 248.2 246.4
19.5 306.6 333.7 308.4 315.7 316.9 285.2 249.8 249.5 259.7 432.8
ON
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Pig. 22. Radioautograph of 12-day-old rice plants treated 
11 hours with 2.5 jug/ral of ^C-labeled diseased 
B. orvzae toxin.
78
;  t y  t " r
• v " ^  i V b m  *%s * *
’ f fH-uHKSi&S
»V >T|W
I ' t - v t
Fig. 23. Radioautograph of stems of 12-day-old rice plants 
treated with 2.5 jig/ml of -^C-labeled diseased 
B. oryzae toxin for 30 hours.
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Pig. 2b, Microradioautograph of a section in meristematic
region of a rice root tip treated with 5 ^ ug/ml of
unlabeled diseased B. orvzae toxin for 6 hours.
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Pig. 25. MicroracLioautograph of a section in the meriste-
raatic region of a rice root tip treated 12 hours
with 5 fig/ml of unlabeled diseased £. oryzae toxin.
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Pig. 26. Microradioautograph of region of elongation of
rice root tip treated 6 hours with 5 fig/ml of
unlabeled diseased |3. oryzae toxin.
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Pig. 27. Microradioautograph of the meristematic region
of a rice root tip treated 6 hours with 5 ^g/ral 
14
of C-labeled diseased g. orvzae toxin.
83
Pig. 28. Microradioautograph of a section in the region 
of cell elongation of a rice root tip treated
. 1 k
12 hours with 5 pg/ml of C-labeled diseased 
B. oryzae toxin.
DISCUSSION
Some of the properties of the diseased g. oryzae 
toxin were strikingly similar to those of other Helmlntho- 
sporium toxins. High heat stability, stability at low pH, 
and sensitivity to high pH were properties of the diseased 
£• oryzae toxin and also of the g. vlctoriae toxin (101),
£• carbonum toxin (82), and the g. maydis T toxin (103).
All of these toxins are host-specific, however, except for 
the g. oryzae toxin.
The activity of the diseased g. orvzae toxin was 
high, causing a 50% inhibition of rice roots at a concen­
tration of 0.25 ;ug/ml. The g. vlctoriae toxin was considered 
an extremely active toxin, causing 50% Inhibition of sensi-
—ii
tive oat tissue at a concentration of 2 x 10 )ig/ml (82).
The diseased g. oryzae toxin was more active than the g. 
zelcola toxin, however, which was active at 1.0 ^ ig/ml (5*0. 
The comparison of the activities of the diseased g. orvzae 
and the g. zelcola toxins was particularly interesting in 
view of the fact that the effect on plant tissues by the 
diseased g. orvzae toxin was not host specific; whereas, 
that by the g. zelcola toxin was host specific. The 
toxicity of victoxinine, a product of g. vlctoriae toxin 
degradation, was not host specific and caused 50% inhibition
84
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of root growth at 100 pg/ml (82). The activity of the 
diseased g. oryzae toxin was then about 800-fold higher 
than that for victoxinine.
Besides the apparent similarity of the Helmintho- 
sporlum toxins in certain respects such as the resistance 
to heat and low pH and sensitivity to high pH, the UV 
absorption spectrum of the diseased g. orvzae toxin had 
some similarity to that of the g. zelcola toxin (70). The 
zejLcola toxin had an absorption peak at 230 mp and the 
diseased g. orvzae toxin had a peak at 237 mp. These two 
toxins differ in solubility properties, however, the dis­
eased B . oryzae toxin was soluble in ether; whereas, the g. 
zelcola toxin was insoluble in ether (70).
The physiological effects of the Helmlnthosnorium 
toxins on plants were similar in some respects. The g. 
vlctoriae toxin and the g. zelcola toxin (80, 102, 105) 
both induced increased permeability of cells. The g. 
vlctoriae toxin was very effective in increasing the per­
meability of leaf and root tissue of suseoptible plants; 
whereas, the diseased g. orvzae toxin had no effect on 
inducing increased permeability in leaves. The diseased 
g. orvzae toxin did have a very pronounced influence on 
quickly inducing Increased permeability in roots.
Doupnik (21) showed that CaCl2 reversed the in­
duced permeability changes brought about by treatment with
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the S. vlctoriae toxin and also prevented development of 
chlorotic symptoms in leaves. No such effect of reversal 
of diseased |3. orvzae toxin induced permeability changes was 
apparent in root tissues treated with CaClg or several in­
organic and organic materials. A partial reversal was 
obtained, however, of the diseased E[. orvzae induced reduc­
tion in transpiration with MgClg treatment. Only MgClg was 
effective in causing this reversal of toxin effect among 
several compounds tested including Kinetin, indoleacetic 
acid, CaC^i and molybdate.
An enhanced rate of respiration was reported with 
vlctoriae toxin treatment in susceptible plants as well 
as with other toxins (40). An enhanced rate of respiration 
also occurred with diseased B. oryzae toxin treatment of 
leaf tissues. It was interesting, however, that root 
tissues were strongly inhibited by diseased £. orvzae toxin 
concentrations which enhanced leaf respiration. The dis­
eased £. oryzae toxin acted differently in leaf and root
tissues when either respiration or permeability was measured.
14According to the studies with C-labeled toxin, most
of the toxin was absorbed within 4 hours with a concentration
of 5 ;ug/ml. The absorption of heat-inactivated ^C-toxin was
much slower than that of the active toxin and was not re-
14tained by the plant tissues. The expulsion of the c by 
the plant tissues may have been in the form of a metabolic
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product of the inactivated toxin. The Q for absorption 
of the diseased g. orvzae toxin suggested a chemical process. 
Similarly, uptake of the g. vlctoriae toxin was not affected 
by temperature in the range 5 C to 37 G (84).
The results obtained from radioautographic studies 
suggested that the diseased g. orvzae toxin had a stronger 
affinity for root than for leaf tissue. The root tips and 
young lateral roots showed a higher concentration of
iL
C-activity than older parts of the root system. Lindberg 
(60) reported that a high level of sterile grains was ob­
tained from rice panicles sprayed in the flowering stage 
with diseased g. oryzae culture filtrates. This effect on 
developing rice grains and the results from the radioauto­
graphs of rice roots suggest that meristematic tissues are 
more sensitive to the diseased g. oryzae toxin than mature 
tissues. An attempt was made to determine the intracellular 
site of action of the toxin in root tips by microautoradi­
ography. The label appeared randomly distributed throughout 
the root tissue. Assuming that the diseased g. orvzae toxin 
was combining with a specific target, then that target must 
be a diffusable entity.
SUMMARY
1. The diseased fi. orvzae toxin required 6 to 8 hours of 
refluxing for complete inactivation.
2. Toxin activity was not affected by lowered pH of the 
diseased g. oryzae culture filtrate to 2.0, but almost 
complete loss of activity resulted when the pH was 
raised to 12.0 prior to extraction of the toxin with 
ether.
3. The diseased g. orvzae toxin was crystallized in a 
concentrated ethanol solution to which an equal quantity 
of water was added then allowed to stand for 1 to 3 
days.
A $0% inhibition of rice root growth occurred when 
germinated seeds were treated with 0.25 pg/ml of dis­
eased g. orvzae toxin.
5. A UV spectrum of the B. oryzae toxin showed two absorp­
tion peaks, one at 212 mjx and the other at 237 mji, but 
loss of the 212 mji peak occurred when the toxin was 
inactivated by heating.
6. Treatment of 12-day-old rice roots with the toxin re­
sulted in increased permeability, but no permeability 
change occurred in treated leaf tissue.
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7. Toxin treatment of 12-day-old rice plants inhibited 
transpiration, and among several compounds tested only 
HgCl2 suppressed the toxin induced inhibition of tran­
spiration.
8. Diseased 2. orvzae culture filtrate dilutions in the
-1 -2 range 2 x 10 to 5 x 10 enhanced respiration in leaf
1 —2tissue; whereas, dilutions in the range lO*"4, to 10 
inhibited respiration in rice root tissue.
lit
9. With a concentration of 5 pg/ml of C- labeled toxin, 
most of the toxin absorption by 12-day-old rice plants 
occurred in the first 4 hours of treatment.
10. The for absorption of active toxin was about 1.3; 
heat-inactivated toxin was absorbed slower than active 
toxin and was not retained by root tissues.
11. Radioautographs of 12-day-old rice plants showed a
ik
high level of G-label in roots, especially in root 
lbtips, but no C-label appeared in leaves after an
11-hour treatment period.
ik
12. The C-label in microradioautographs of root tips of
i h,
12-day-old rice plants treated with C-labeled toxin 
appeared randomly distributed throughout the cells.
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